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Abstract: 
 
Introduction:  This paper presents a case 
report of chiropractic management of a 
patient with thoracic outlet syndrome. 
 
Case Presentation: A 65 year old male 
was treated with spinal manipulation for 
intermittent bilateral hand numbness and 
paresthesia.  
 
Management and Outcome: The 
patient’s pain was measured utilizing a 
Numeric Rating Scale and orthopedic testing 
was used to monitor for arterial 
insufficiency.  Manipulation of the cervical 
spine was performed manually.  Following 
the fourth visit, the patient reported 
complete resolution of pain and paresthesia 
in the extremities. 
 
Conclusion:  In this case a patient with 
thoracic outlet syndrome was successfully 
treated with chiropractic care.  In light of 
multiple anecdotal reports showing positive 
outcomes further study is warranted to  

 
 
evaluate the treatment of this common 
disorder. 
 
Keywords: Spinal Manipulation, 
Chiropractic, Thoracic Outlet Syndrome 
 
Background 
 
Thoracic outlet syndrome (TOS) can be 
divided into three subtypes: neurogenic, 
venous, and arterial.  Neurogenic is the most 
common and is responsible for 
approximately 90 percent of cases.1,2  Cases 
of neurogenic TOS are caused by 
compression of the brachial plexus and 
present with pain, numbness, paresthesia, or 
muscle weakness in the arm or hand.  
Neurogenic TOS is further divided into true 
neurogenic TOS, which can be objectively 
demonstrated utilizing diagnostic 
instruments, and non-specific neurogenic 
TOS, which cannot.2   Venous TOS is the 
second most common, and represents 3-5% 
of TOS.  Venous TOS is caused by 
congenital narrowing, and subsequent 
thrombosis, at the junction of the subclavian 
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and jugular veins.  Venous TOS presents 
with pain, paresthesia, and a feeling of 
heaviness in the affected arm, each of which 
may be exacerbated or precipitated by 
activity.  The arm may appear swollen or 
cyanotic, with enlarged collateral veins in 
the shoulder and ipsilateral chest wall.  
Arterial TOS is the least common, and 
represents less than 1% of all TOS.  Most 
cases of arterial TOS are caused by stenosis 
of the subclavian artery, usually secondary 
to obstruction by anatomy.  Cervical ribs, 
calloused clavicle fractures, and 
hypertrophic C7 transverse processes can all 
cause partial occlusion of the subclavian 
artery.  A less common cause of arterial 
TOS is thromboembolism, broken from 
atherosclerotic plaque in the subclavian 
artery, and lodged in a distal artery or 
arteriole.  Arterial TOS may present with 
pain, paresthesia, and motor weakness in the 
affected arm and hand.  The finger nails may 
exhibit splinter hemorrhaging, secondary to 
an embolism. If the TOS is longstanding, the 
patient may exhibit ischemic ulceration.1,2 
 
Though a number of studies have been 
conducted to measure post-surgical 
outcomes in patients with TOS few have 
been done to measure the efficacy of 
conservative care.  Fewer still have been 
done specifically regarding the treatment of 
TOS with chiropractic manipulation.  TOS 
is most reliably diagnosed and categorized 
based on history and clinical presentation, as 
recent studies show commonly used 
provocative tests like Adson’s and modified 
Adson’s to be unspecific.  At this juncture, 
there is no “gold standard” test for rendering 
a diagnosis of TOS. 2 For this reason, it is 

difficult to determine the incidence.  
Compounding the problem is poor 
interdisciplinary reliability in diagnosing 
TOS.  For instance, one study found that 
orthopedic surgeons were 100 times more 
likely to diagnose TOS than were 
neurologists.4,5 
 
Case Presentation  
 
A 65 year old Caucasian male presented to 
the chiropractic clinic for intermittent 
bilateral hand numbness and tingling.  The 
paresthesia was diffuse in both hands and 
arms, but was worse in the left extremity. He 
reported a history of whiplash following a 
motor vehicle accident, after which the 
symptoms began to occur.  Lying down in 
the supine position was listed as provocative 
for his symptoms and regular changes in 
position were palliative.  He described the 
sensation as tingling accompanied by pain, 
which he rated at 5/10 on the Numerical 
Rating Scale (NRS).  The patient’s 
medical/surgical history was significant for 
ankle surgery, healed T12 compression 
fracture, and hypertension.  The patient had 
seen a chiropractor for carpal tunnel 
syndrome approximately ten years prior, 
with good results. 
 
Examination revealed positive modified 
Adson’s tests bilaterally, with the pulse 
diminished more markedly on the left than 
right.  Modified Adson’s created ipsilateral 
non-dermatomal tingling and numbness. 
Allen’s test was positive on the right for 
radial artery insufficiency.  Adson’s test was 
negative bilaterally.  Though the patient 
reported a history of contralateral 
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paresthesia while side lying, we were unable 
to recreate the condition during examination. 
Moderate muscle spasm and pain was noted 
on palpation of the posterior and middle 
scalenes bilaterally.  Motion palpation 
revealed intersegmental hypomobility in the 
cervical spine.  There was no noted sensory 
deficit in the absence of provocative testing.  
A review of available imaging revealed a 
grade I spondylolisthesis of L5, a healed 
compression fracture of T12, and 
degenerative changes, including posterior 
joint sclerosis and enthesopathic changes, at 
L3, L4, and L5.  Cervical radiographs 
revealed ostephytosis, posterior joint 
sclerosis, decreased disc space, and bilateral 
foraminal stenosis at the levels of C5, C6, 
and C7. The patient was diagnosed with 
intermittent thoracic outlet syndrome (TOS) 
and somatic dysfunction as well as 
degenerative disc disease of the lumbar and 
cervical spine, history of compression 
fracture, and muscle spasm.   
 
Management and Outcome 
 
As the patient’s symptoms were reproduced 
with provocative testing and skeletal 
imaging did not reveal a cervical rib, it was 
not considered necessary to perform any 
initial vascular imaging.  It was explained to 
the patient that if the symptoms did not 
change as expected with treatment further 
studies may be obtained. 
 
The patient underwent a course of cervical 
spinal manipulation for five treatments over 
the course of seven weeks. In addition, the 
patient received instructions regarding 
stretches for the scalene, trapezius, 

pectoralis, levator scapulae, and 
sternocleidomastoid muscles. All 
manipulations were performed with manual 
adjusting techniques.  
 
Prior to each treatment the patient was asked 
to rate his pain associated with paresthesia 
on the NRS.  At the initial consult, the 
patient rated his pain at 5/10.  At the second 
visit, the patient reported 0/10 pain, but 
noted occasional tingling in the left hand. 
Pretreatment NRS on the third visit was 
recorded at 0/10 with one instance of right 
hand paresthesia while sleeping. At the 
fourth visit, the patient reported with 0/10 
pain and no instances of paresthesia.  On the 
fifth and final visit, the patient reported 0/10 
pain, without paresthesia, and reported only 
one instance of paresthesia since his the 
fourth visit.  
 
Orthopedic exams for TOS were repeated.  
Left Adson’s and modified Adson’s were 
negative.  The patient was advised to 
continue with his home exercise program, 
including stretches, and was discharged 
from the clinic with remission of symptoms. 
 
Conclusion 
 
In this case a patient was successfully 
treated to a resolution of symptoms with 
chiropractic care.  Following the course of 
treatment the symptoms could not be 
recreated with provocative testing and there 
was no detectable reduction in arterial flow.  
As mentioned these provocative tests are 
unspecific in the diagnosis of TOS of 
various types and there is no consistent 
testing for this condition, therefore TOS is 

3 
 



Journal of the Academy of Chiropractic Orthopedists 
  Volume 12, Issue 1 

most reliably diagnosed and categorized 
based on history and clinical presentation.  
The resolution of the TOS symptoms 
indicates clinical success. 
 
As the world continues to demand more 
time working on computers and doing 
repetitive tasks the incidence of this already 
common condition is likely to increase. 6 
Surgical treatment is effective but costly and 
riskier than conservative care.7 If 
conservative care is shown to be as effective 
in most cases this could mean a 
substantial  decrease in risk related 
to iatrogenic injury as well as significant 
savings in health care costs. 
 
Although several studies have shown 
improvement with conservative care and 
surgical care, uncertain diagnostic criteria 
and the lack of a “gold standard” limit the 
generalizability and clinical utility of the 
studies.  Further and higher level study is 
needed to establish reliable, evidence-based 
protocols for the diagnosis and conservative 
treatment of this common condition. 
 
Limitations have not been explored.     
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Abstract: 
 
Study Design:  A case study. 
 
Objective:  The purpose of this case study 
is to describe a patient presenting to a 
chiropractic clinic with a rare and 
deteriorating demyelinating neurological 
condition. 
 
Summary of Background Data:  The 
patient is a 43 year old Hispanic female 
presenting with a rash and deteriorating 
neurological symptoms including:  Upper 
motor neuron (UMN) and lower motor 
neuron (LMN) signs, claw hand, and 
progressive unilateral weakness.  An MRI of 
the cervical and thoracic spine suggested a 
large astrocytoma.  Subsequent university 
hospital neurology center evaluation resulted 
in a diagnosis of transverse myelitis (TM) 
secondary to neuromyelitis optica (NMO). 
 
Methods:  No chiropractic treatment was 
rendered.  The patient was subsequently 
airlifted to a university medical center 
hospital where she was treated. 

 
Results:  Following medical treatment with 
steroids the patient achieved partial recovery 
with likely permanent sequelae. 
 
Conclusions:  It is important for the 
chiropractic physician and orthopedist to 
recognize serious neurological conditions 
that may present to a clinic.  Appropriate 
referral and diagnostic work up are essential 
to minimize permanent sequelae. 
 
 
 
 
Literature Review/Introduction 
 
Also known as Devic’s NMO, or Devic’s 
Disease, NMO is a severe and rare disease 
of unknown etiology, which is classified as a 
water channelopathy or dysfunction of the 
ion channels of the membranes of cells and 
organelles.1 These ion channels are 
fundamental in neuronal signaling and 
channelopathies, both acquired and genetic, 
and are found in a growing number of 
nervous system disorders.  One form of 
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NMO is seropositive for IgG (NMO-IgG) 
antibodies to aquaporin 4 (AQP4), the main 
water channel predominately found in 
astrocytes.2  The discovery of AQP4 in 2004 
revolutionized the understanding of NMO3 
resulting in it being classified as 
Neuromyelitis Optica Spectrum Disorder 
(NMOSD) due to brain lesions also being 
increasingly recognized.4  Fujihara et al 
suggest it should be classified as an 
astrocytopathic disease rather than a 
demyelinating disease.5  It primarily affects 
the optic nerve and spinal cord and results in 
a severe inflammation and demyelination. 
The resulting cytotoxicity initially can cause 
injury to the oligodendrocytes, 
demyelination, neuronal damage, and 
clinical symptoms such as: optic neuritis, 
TM, blindness, paralysis, bladder 
dysfunction, and sensory deficits.  The 
seropositive form is predominantly relapsing 
with poor prognosis for recovery and with 
increasing disability.6 The sero-negative 
form is primarily monophasic and does not 
relapse.    
 
NMO has many similar characteristics to 
multiple sclerosis (MS) and is frequently 
misdiagnosed.   Although NMO was 
historically considered a subtype of MS, it is 
now a separate disease entity needing 
improvements in diagnostic criteria and 
nomenclature.7Although a definitive cause is 
still in question, it appears that H. pylori 
may have a pathogenic role.  Multiple 
studies have linked AQP4 seropositivity in 
NMO and a greater incidence of H. pylori in 
NMO than found in MS.8  Pohl et al found 
local T-cell activation provides the 
inflammatory environment necessary for 

AQP4/IgG antibodies to form 
astrocytopathic lesions (NMO-like).9  
Chihara et al suggest that migratory IgG 
plasmablasts guided by helper T-cells could 
be involved in the inflammatory 
astrocytopathology by migrating from 
peripheral blood to the cerebral spinal fluid 
(CSF).10   
 
As a primarily UMN lesion, one would 
expect only UMN signs.  Although rare, 
several cases of NMO have been identified 
with peripheral nerve involvement (both 
UMN and LMN findings).11    
 
Diagnostic considerations 
 
The Neuromyelitis Optica Study (NEMOS) 
group has outlined 3 criteria essential for a 
diagnosis of NMO:12 

1. Contiguous spinal cord lesions 
covering 3 or more segments on 
MRI. 

2. Brain MRI not meeting Paty’s 
criteria for MS. (Paty’s criteria is 3-4 
lesions one of which is 
periventricular). 

3. Seropositive for NMO-IgG.   
 

Clinical Factors 
 
Many patients present with MS-like signs 
and symptoms.  As a differentiating factor, 
Lhermitte’s sign was found to be more 
prevalent in NMO patients vs. MS 
patients.13 Optic neuritis (ON) is also the 
first manifestation of NMO in up to 75% of 
patients.14 Cord inflammation is 
symmetrical with motor and sensory tracts 
involved.  UMN and LMN findings may be 
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present.  If lesions extend to the medulla, 
intractable nausea and vomiting15, persistent 
hiccups, and fulminant respiratory failure 
may occur.  Patients may also demonstrate 
flu-like symptoms.  Patients with a positive 
Lhermitte’s sign and tonic spasms (entasia) 
are likely to have the relapsing form.  
Interferon alpha levels are more prevalent in 
NMO than MS patients and are higher with 
acute presentations and associated with 
NMO disease severity and activity.16   
 
In summary, NMO clinical findings vary 
given the extent and nature of the lesion and 
may result in misdiagnosis due to varying 
symptoms, including: non-responsive 
cervicogenic headaches,17 headaches with 
visual loss and prior parestheias,18 peritoneal 
pain with anesthesia,19 hyponatremia due to 
abnormal anti-diuretic hormone secretion 
(hypothalamus lesion),20 and as upper 
extremity weakness and radiating pain due 
to tumors.21  Concomitant  autoimmune 
conditions presenting with NMO may also 
complicate diagnosis and include:  SLE,22, 23, 

24 Sjogren’s syndrome,25 gluten sensitivity,26 
nephritis,27 metastatic carcinoid,28 
myasthenia gravis,29 and tuberculosis.30   
 
 
Case Presentation 

A 43 year old, Hispanic female presented to 
the chiropractic clinic complaining of 
numbness on the left side of her body (not 
the face) and progressive weakness.  She 
thought she was having a heart attack and 
went to the emergency room (ER) the prior 
evening.  A papular rash of 7 months 
duration was noted on her arms, legs, back 
and abdomen with no rash on the face, 

breasts, or genitals.   Symptoms started 
when picking up a grandbaby her left arm 
went numb.  The numbness went away after 
a week.  She had a lot of pain initially which 
eventuallysubsided.   One month prior, labs 
for liver and thyroid were performed which 
she reported were normal.  Her left hand 
cramped into a fist a month after the rash 
and she saw a massage therapist who was 
able to get the hand somewhat straightened 
out.  She was taking no medication.  No 
imaging had been performed to date; 
however, an MRI was ordered inthe ER.  
She did not know what area or why the MRI 
was ordered.   
 
Current Medical History:   
 
The history reveals negative for surgeries, 
alcohol consumption, HEENT, 
cardiovascular/respiratory, genitourinary, 
gastrointestinal, neurologic/psychological, 
musculoskeletal, endocrine, and major 
diseases.  She noted the medical doctors 
commented on her left hand but decided to 
pursue the rash first and commented that she 
probably had a pinched nerve.  Her family 
history was unremarkable.   
Allergies/medications:  cream (unknown) 
for skin rash.  No other medications or 
allergies. 
 
Examination 
 
The patient had severe wasting of the left 
hand, both dorsal and palmar aspects, and its 
intrinsic muscles.  Her left hand was in a 
claw hand form (Figures 1, 2), with the right 
hand in normal position.  Slight flattening of 
the left side of her face musculature was 
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noted.  She also has a pronounced tremor of 
the left hand and a slight tremor of the right.  
Ortho/Neuro evaluation:  DTRs were 2+ 
except for an asymmetric left patellar which 
was 3+ with clonus.  Manual muscle testing 
revealed absent grip strength on left and 
slight on right with finger squeeze, although 
she thought her left hand was stronger; hip 
flexors on left and foot/ankle dorsiflexion 
and plantar flexion were 3/5.  Foot drop on 
the left with steppage-like gait upon 
ambulation was noted and difficulty flexing 
the hip requiring a pelvic swing through 
motion.  Ambulation was not achievable 
without assistance.  Cranial nerves were 
unremarkable.  The patient demonstrated 
both UMN and LMN symptoms and was 
informed she has a significant neurological 
problem therefore her rash was not the 
major concern at this time. 

 
Figure 1-Claw hand lateral view 

   
Figure 2-Claw hand dorsal view 
 
Initial Differential Considerations 
 

Amyotrophic Lateral Sclerosis (ALS), 
Multiple Sclerosis (MS), Herniated Nucleus 
Pulposus (HNP), tumor. 
 
She returned to the chiropractic clinic 2 days 
later with worsening symptoms and was 
losing motor control of the left side of her 
body.  The patient was referred for an MRI 
and neurological evaluation.  Immediately 
following the MRI, the patient was airlifted 
to a major metropolitan specialty medical 
center.  A diagnosis of NMO with TM was 
established by the neurology department at 
the medical center.   
 
Medical Records Review 
 
Initial ER MRI Report with/without 
contrast 
 
Cervical spine: Minimal degenerative disc 
disease C3-C6 was noted.  The cord was 
very abnormal in appearance.  There was 
abnormal increased signal in the cord on the 
T2 weighted and inversion recovery images 
extending from the foramen magnum into 
the upper thoracic cord (Figure 3).   
 

  

 
Figure 3-Cervical MRI T2  
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Post contrast images demonstrated multiple 
areas of intramedullary enhancement within 
the cord.  There was an area of 
intramedullary enhancement at C3 
measuring 2.0 cm in size.  From C6 to T1, 
there was an extensive area of abnormal 
cord enhancement and cord expansion 
measuring as much as 3.5 cm in 
length.  Extensive surrounding edema was 
present within the cord.  No significant 
extrinsic compromise of the canal or cord 
was seen. Findings were consistent with 
primary cord tumor such as ependymoma, 
astrocytoma, or 
ganglioglioma.  Hemangioblastoma, 
intramedullary metastasis, or lymphoma 
could be considered.  Cervico-thoracic MRI 
(Figure 4)-cervicothoracic intramedullary 
enhancing cord lesion most likely 
representing a primary tumor, although 
metastatic tumor, lymphoma and severe 
acute cord demyelination were less likely 
possibilities.  There was a large amount of 
edema extending into the upper thoracic 
cord to T4 with expansion of the cord.  The 
abnormal medullary enhancement of the 
cord extends as far down as T1. 

 
Figure 4-Cervicothoracic MRI 
 
Specialty Hospital Key Records.   
 
Laboratory Findings:  NMO/AQP4-IgG 
CRA positive (H), NMO-IgG CSF, positive 

(H).  The previous 2 findings support the 
diagnosis of NMO, or NMO spectrum 
disorder and predict high risk for relapse .  
She was treated with 5 days of Solu-Medrol 
IV 1 g with significant improvement in gait, 
arm movement and bladder function.  She 
was released with outpatient referrals to 
physical therapy, occupational therapy, and 
urology (bladder retention).   She was 
prescribed doxazosin 4 mg / day and 
CellCept 500 mg with plans to increase by 
500 mg every 2 weeks up to a target dose of 
1000 mg twice a day.  She was also placed 
on 6 weeks prednisone to cover her during 
determination of the efficacy of CellCept 
with follow-up labs bi-weekly 

   
Conclusions 
 
Recognition of serious neurological 
conditions requiring referral is critical to 
ensuring timely treatment and preventing 
sequelae.  A middle aged female presented 
with progressing neurological findings.  
Rapid referral to a university medical center 
following an MRI resulted in an accurate 
diagnosis of NMO suspected locally to be an 
astrocytoma.  Continued follow up with 
patient showed her first line treatment with 
steroids was effective and 2 weeks later the 
patient returned showing considerable 
improvement.  She noted at follow-up she 
started losing use of her right arm 5 days 
after her initial presentation.  She was 
diagnosed with the relapsing form (sero-
positive AQP4) and, given damage at each 
incident is likely permanent, she was 
instructed to watch out for symptoms 
indicating another episode.  No chiropractic 
treatment was rendered or deemed advisable 
and the patient will be followed periodically 
to see if her residuals improve.  Written 
informed consent was obtained from the 
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patient for publication of this case report and 
any accompanying images. 
 
 
 
 
Summary 
 
NMO, a water channelopathy, is a rare 
clinical entity, and more so when presenting 
with both UMN and LMN symptoms, as in 
this case.  It is currently considered a 
demyelinating condition along with MS, and 
chronic inflammatory demyelinating 
polyneuropathy (CIPD).  Appropriate and 
timely diagnosis is critical given the disease 
leaves permanent damage during its course.   
This case describes a 43 year old Hispanic 
female under medical treatment for a rash 
who presented to a chiropractic clinic with 
progressive weakness and rare UMN and 
LMN symptoms.  She was diagnosed with 
sero-positive NMO (relapsing form) with 
TM.  Aggressive medical intervention 
abated her symptoms and she was released 
to outpatient treatment for residuals. 
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Article Type: Reliability Study 
 
Author’s Abstract:  
 
Background: Cervical active ROM 
measurements in flexion/extension and 
lateral flexion appear to be universally 
obtained with the subject in the upright 
position, regardless of the measurement 
device being utilized. However, 
measurement of cervical active rotation has 
been measured in either the upright or 
supine positions, depending on the 
technological capabilities of the measuring 
device being utilized. Supine and upright 
measures of active cervical range of motion 
may not provide interchangeable results. 
The goal of this study was to compare such 
measurements using devices commonly used 
in clinical practice.  
 
Methods: Active cervical rotation of 32 
participants was measured in the upright and 
supine positions. A series of 3 upright 

measurements were obtained using a single 
magnetic compass-oriented goniometric 
device, and 3 supine measurements with a 
single gravity-dependent goniometer device.  
 
Results: Intra-examiner, intra-instrument 
reliability ranged from ICC (2,1)=0.876 to 
0.912, rated “almost perfect.” The mean 
inter-examiner, inter-instrument reliability 
for left rotation was ICC (2,2) = 0.255 
(“poor”); and for right rotation ICC (2,2) = 
0.492 (“moderate”). Supine measurements 
were consistently greater than upright 
measurements, by an average of 24.40 in left 
rotation and 15.00 in right rotation. A paired 
samples-t test revealed a statistically 
significant difference between supine and 
upright measures.  
 
Conclusions: Upright measurement of 
active cervical rotation does not provide 
information interchangeable with supine 
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measures. Since the assessment of sagittal 
and frontal plane cervical movements is 
routinely done in the upright position, where 
functional disability is most likely to 
manifest, it stands to reason that transverse 
plane cervical movements (rotation) might 
best also be assessed in the upright position. 
This would most likely lead to a more 
accurate functional diagnosis. To ensure 
consistency of interpretation of active 
cervical rotation in research and clinical 
settings, it is important to consider the 
position in which active cervical rotation is 
measured. The position used may 
furthermore impact upon impairment 
ratings. 
 
Keywords: Active, Range of Motion, 
Cervical Vertebrae, Reproducibility of 
Results, Reliability, Spine 
 
JACO Editorial Review:  
 
The title is succinct and articulates the 
concept of the manuscript. The abstract 
adequately describes the study. 
 
This paper represents an effort to compare 
supine and upright measures of active 
cervical rotation motion using devices 
commonly used in clinical practice to 
determine if they are interchangeable. 
 
The method consists of evaluating active 
cervical rotation of 32 participants, 
measured in the upright and supine positions 
using a single magnetic compass oriented 
goniometric device and a single gravity-
dependent goniometer device.  

 
The major asset of this manuscript is the 
attempt to answer the question of whether 
the supine method for evaluating cervical 
rotational ROM will provide the same 
measurements as the sitting position. 
 
Strengths 
 

1. Position-based differences in 
measured cervical range of motion 
could impact upon impairment 
ratings. This paper represents an 
important addition to the literature 
supporting the concept that ROM 
should be evaluated under similar 
circumstances. By performing 
sagittal and coronal plane 
movements weight-bearing and 
transverse plane movement 
nonweight-bearing may not be sound 
clinical utility. 

2. Well-designed randomized reliability 
study that has the potential to serve 
as a means to reassess methods to 
determine CROM impairment. 

3. The results are clearly presented and 
answer the question. 

4. Paper is well-written and proper 
length. 

5. The paper is interesting and 
applicable to those healthcare 
professionals focused on 
musculoskeletal dysfunction. 
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Authors’ Abstract 
 
Background: Food is a potent natural 
reward and food intake is a complex 
process. Reward and gratification associated 
with food consumption leads to dopamine 
(DA) production, which in turn activates 
reward and pleasure centers in the brain. An 
individual will repeatedly eat a particular 
food to experience this positive feeling of 
gratification. This type of repetitive behavior 
of food intake leads to the activation of brain 
reward pathways that eventually overrides 
other signals of satiety and hunger. Thus, a 
gratification habit through a favorable food 
leads to overeating and morbid obesity. The 
focus of this article is to provide an 
overview of complex nature of food intake 
where various biological factors link mood, 
food intake, and brain signaling that engages 
both peripheral and central nervous system 
signaling pathways in a bi-directional  
manner in obesity. 

 

Methods: In humans, eating behavior is 
complex and is affected by both mood and 

emotions. Of all emotions, a study shows 
that frequent emotions such as, anger and 
joy, have the strongest influence on appetite 
and food choice. Behavior based findings 
from human studies of questionnaires, field, 
and clinical studies suggest an integrative 
five way model that predicts five different 
aspects of emotional eating. These five 
aspects include: food choice, food intake 
loss of cognitive controls, food modulating 
emotions, and emotion-congruent 
modulating eating.  

 

Results: Hippocrates, father of modern 
medicine, said; “Let your food be your 
medicine, and your medicine be your food”. 
Research from human trials and animal 
studies have shown that foods directly 
influence brain neurotransmitter systems 
which in turn has effects on mood and 
performance by altering the brain structure, 
chemistry, and physiology. Mood can also 
influence out food choices and expectations 
on the effects of certain foods can influence 
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our sapiens. Some of the foods impacting 
mood are summarized below. 

Chocolate – Increases pleasant 
feelings, reduce tension, and results 
in good mood 

Caffeine – Enhances alertness and 
increases anxiety and results in 
withdrawal symptoms in some 
individuals 

Omega 3 fatty acids – Influences 
neuroticism, mood, behavior, and 
plays a role in mood disorders 

Micronutrients – Thiamine plays a 
role in emotion, mood states, and 
cognitive functioning 

Iron – Iron deficiency results in 
depressed mood and lethargy 

Folic acid – Folic acid deficiency is 
associated with depressed mood 

Serotonin – Linked to food intake 
depression, and anxiety 

Dopamine – Linked to food reward 
behavior and mood 

Insulin – Linked to mood, 
depression, anxiety and negative 
emotion 

 

Conclusions: Food intake is regulated by 
the peripheral and central system that are 
engaged in a bi-directional manner. 
Peripheral signals mostly modulate satiety 
and indicate adiposity signal to the brain. 
There are several brain regions involved in 
food intake that overlaps brain areas 
involved in drugs of abuse and reward. 

Overlapping brain regions of reward, mood, 
and food intake suggests that molecular 
changes in these regions may provide further 
insights in to distinct and overlapping 
pathways that could aid in understanding 
clinical treatments of comorbidity of mood 
disorder, overeating, and obesity. 

Clinical Relevance: More than a third of 
adults and 17% of children and teenagers in 
the United States are obese. Obesity is the 
second-leading cause of preventable death in 
the U.S. contributing to 300,000 deaths each 
year. In addition, the health care burden in 
obesity-related diseases in the US. Could 
reach a staggering $861-957 billion by 2030. 
Health care practitioners focused on the 
musculoskeletal system are well aware of 
the devastating affects obesity has on the 
function of the musculoskeletal system. 

JACO Editorial Summary 

• This review article, written by 
Minati Singh, was a result of 
reviewing hundreds of articles 
and then the compilation of the 
data, in the Department of 
Pediatrics at the University of 
Iowa, Iowa City, Iowa 

• The purpose of the article is to 
provide an overview of complex 
nature of food intake where 
various biological factors link 
mood food intake, and brain 
signaling that engages both the 
peripheral nervous system and 
the central nervous system.. 

• Many psychosomatic theories of 
obesity suggests that obese 
people overeat due to inability 
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to perceive their physiological 
state, hunger, and satiety and 
that overeating reduces 
emotional discomfort and 
anxiety.  

• There is a close interaction 
between food, mood, and stress. 
Mood states such as anxiety and 
depression affect food choice 
and energy metabolism. 
Overeating and obesity is often 
associated with depression and 
anxiety. 

• Western diets that are rich in 
saturated fat and low in 
polyunsaturated and mono-
unsaturated fatty acids tend to 
increase the incidences of 
depression. On the other hand, 
diets like the Mediterranean diet 
appears to reduce depression.  

• Stress induced overeating and 
obesity is also associated with 
major depression. Individuals 
under chronic stress tend to have 
more visceral fat due to 
excessive systemic cortisol 
levels. 

• Following various types of food 
presentation to normal healthy 
patients, activated brain regions 

of anterior cortex, orbitofrontal 
cortex, and insula are observed 
by use of PET and fMRI scans. 
In contrast to obese overeating 
patients, neurobiological 
changes in the reward pathways 
are similar to those observed in 
drug addicts.  

• Overeating can also be 
considered to be analogous to 
drugs  use because it reflects an 
addiction where individuals 
become physically and 
psychologically dependent on 
foods rich in fat and sugar. 

Summary 
 
Globally, about 1 billion adults are 
overweight of which 475 million are 
obese. Obesity is a complex 
multifactorial disease. In the United 
States, increased incidence of adult 
obesity is on the rise. In the 
Westernized society, the major 
cause of obesity is due to reduced 
physical activity leading to 
sedentary life style and surplus of 
food, sodas, variety of fast food, and 
hyperpalatable foods, all which 
activate dopamine rewarding centers 
leading to over consumption of 
food. 
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Authors’ Abstract: 
 
Background: Low back pain is a prevalent 
and debilitating condition that affects the 
health and quality of life of older adults. 
Older people often consult primary care 
physicians about back pain, with many also 
receiving concurrent care from 
complementary and alternative medicine 
providers, most commonly doctors of 
chiropractic. However, a collaborative 
model of treatment coordination between 
these two provider groups has yet to be 
tested. The primary aim of the Collaborative 
Care for Older Adults Clinical Trial is to 
develop and evaluate the clinical 
effectiveness and feasibility of a patient-
centered, collaborative care model with 
family medicine physicians and doctors of 
chiropractic for the treatment of low back 
pain in older adults. 

 
Methods/design: This pragmatic, pilot 
randomized controlled trial will enroll 120 
participants, age 65 years or older with 
subacute or chronic low back pain lasting at 
least one month, from a community-based 
sample in the Quad-Cities, Iowa/Illinois, 
USA. Eligible participants are allocated in a 
1:1:1 ratio to receive 12 weeks of medical 
care, concurrent medical and chiropractic 
care, or collaborative medical and 
chiropractic care. Primary outcomes are self-
rated back pain and disability. Secondary 
outcomes include general and functional 
health status, symptom bothersomeness, 
expectations for treatment effectiveness and 
improvement, fear avoidance behaviors, 
depression, anxiety, satisfaction, medication 
use and health care utilization. Treatment 
safety and adverse events also are 
monitored. Participant-rated outcome 
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measures are collected via self-reported 
questionnaires and computer-assisted 
telephone interviews at baseline, and at 4, 8, 
12, 24, 36 and 52 weeks post-randomization. 
Provider-rated expectations for treatment 
effectiveness and participant improvement 
also are evaluated. Process outcomes are 
assessed through qualitative interviews with 
study participants and research clinicians, 
chart audits of progress notes and content 
analysis of clinical trial notes. 

Discussion: This pragmatic, pilot 
randomized controlled trial uses a mixed 
method approach to evaluate the clinical 
effectiveness, feasibility, and participant and 
provider perceptions of collaborative care 
between medical doctors and doctors of 
chiropractic in the treatment of older adults 
with low back pain. 

Trial registration: This trial registered in 
ClinicalTrials.gov on 04 March 2011 with 
the ID number of NCT01312233. 

Keywords: Aged, Chiropractic, Education, 
Professional, Electronic health records, 
Family practice, Integrative medicine, 
Interprofessional relations, Low back pain, 
Therapy  

JACO Editorial Summary: 
• The article was written by

authors from the Palmer College 
of Chiropractic, Palmer Center 
for Chiropractic Research, 
Genesis Quad Cities Family 
Medicine Residency Program, 
Thomas Jefferson University 
Center for Collaborative 

Research, Department of 
Diagnosis and Radiology, 
Palmer College of Chiropractic 
and the University of Iowa 
College of Public Health. All 
four institutions were involved 
with the data assessment and 
manuscript production. 

• The studies primary purpose
was to collect preliminary data
and assess the feasibility
regarding the efficacy of
medical and chiropractic
collaborative treatment care
model for low back pain in
senior adults. The secondary
purpose was to determine the
efficacy of three different care
models; those being standard
medical care, dual
chiropractic/medical care, and
collaborative
chiropractic/medical care.

• The authors provide explicit
details regarding the methods
and design of this randomized
controlled trial.

• Chiropractic care will consist of
one of four types of common
generalized techniques; 1) high-
velocity, low-amplitude
maneuvers, 2) low-velocity,
variable-amplitude maneuvers,
3) mechanically assisted very
high-velocity, low-amplitude 
maneuvers (Activator), and 4) 
passive mobilization. 

• Multiple outcome-assessment-
tools will be used to assess 120
participants at 4, 8 and 12
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weeks, and then every 12 week 
for a one year period. 

• This study is thought to be the
first of its kind. Patient
recruitment began in March of
2011, the active care phase
ended in November 2012, and
the six-month follow-up period
ended March 2013.

Summary: 
This randomized controlled trial should 
provide tantalizing information regarding 
the best treatment protocols for low back 
pain in seniors. When the final results of this 
study are published they should serve to 
better understand the value of different 
treatment approaches and to select those 
with the optimal expected outcomes. 
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Case reprinted with permission: Semin Ultrasound CT MR. 2004 Dec; 25 (6): 440-60 

This is an otherwise healthy 59 year old 
male with thoracolumbar pain and 
tenderness following trauma.  What are the 
pertinent radiographic findings? 

Figure 1 

Figure 1: Spot lateral plain radiograph 
showing T12 and L1 collapse, endplate 
erosion and sclerosis, and kyphosis. 

What are the radiographic differential 
diagnoses? 

1. Infectious discitis (pyogenic or
Tuberculous).

2. Neoplastic or metastatic collapse
from unknown primary.

3. Benign traumatic collapse.

What is the next step in the management of 
this patient? 
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Figure 2 

Figure 2: Sagittal T1-weighted (left), T1-
weighted with IV contrast and fat 
suppression (middle), and T2-weighted 
(right) MRI. 

Additional findings seen on MRI include 
avid contrast enhancement of the prominent 
epidural soft tissue extension, with rim 
enhancement more caudally, suggestive of 
abscess.  There is no enhancement of the 
vertebral body, and mild enhancement of the 
disc.  There is a large posterior osteophyte, 
or posterior angulated osseous fragment, not 
seen on the plain radiographs. 

Final diagnosis? 

Benign traumatic collapse (biopsy-proven). 

This unusual case demonstrates the 
usefulness and limitations of not only plain 
radiographs, but also of MRI. There is no 
clear indication of a benign, malignant or 
infectious process on these imaging studies. 
Disc and endplate involvement especially 
with contrast enhancement is suggestive of 
pyogenic infection. Tuberculous spondylitis 
is suspected based on location, clinical 
presentation, and presence of sclerosis. 
Primary and secondary tumors almost never 
invade the disc space, but metastasis is much 
more common than the infectious causes and 
a unique characteristic of chordoma is the 
ability to cross the disc space(s). A 
posteriorly-angulated fragment, as seen in 
this case, has been shown to be a strong 
indicator of benignancy.  In these equivocal 
cases, tissue sampling is imperative to 
determine appropriate diagnosis and 
subsequent management. 
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